The Effect of Culture Medium on Bacterial Cellulose Production as Edible Film Material by Faridah, Faridah et al.
ST-25-OF 
20 
 
The E ffect of Culture Medium on Bacterial Cellulose 
Production as Edible F ilm Material  
 
Faridah, Yusrini Marita, Zahra Fona and Rahmayani 
Chemical Engineering Departement 
State  Polytechnic of Lhokseumawe Lhokseumawe, Aceh 
yusrinimarita@yahoo.com 
 
 
  
 
    
Abstract The study aimed to produce edible film from bacter ial 
cellulose by using starter Acetobacter xylinum in the media of 
coconut water and arenga pinnata juice.  The different types of 
edible film  were produced separately within a fermentation 
media. The fermentation method was used to produce bacter ial 
cellulose as edible film material. Edible film sheets were 
produced by Acetobacter xylinum under the different culture 
medium: 100% of arenga pinnata juice, 100% of coconut water , 
and 75% arenga pinnata juice and 25% coconut water , 25% 
arenga pinnata juice and 75% coconut water and 50% arenga 
pinnata juice and 50% coconut water mixtures. The products of 
edible film from different culture medium were tested for 
physical properties and observed for biodegradation in soil. The 
results showed that the percentage of weight loss increased 
during intervals of time. Edible film yielded from the media of 
25% arenga pinnata juice and 75% coconut water indicated the 
highest of % weight loss at 9th day. The physical properties of 
edible film were figured out as water absorption, strength of 
break, and elongation. The results showed that edible film 
produced from 75% of arenga pinnata juice and 25% coconut 
water had the highest elongation around 10% . In addition, the 
strength of break of edible film produced from 50% of arenga 
pinnata juice and 50% coconut water was 2.27 Kgf/mm2. I t was 
the highest among the other culture medium. The hypothesis on 
the study was edible film could be produced from the culture 
medium. Edible film can be an alternative to solve the 
environmental problems. 
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I. INTRODUCTION 
Bacterial cellulose is one of cellulose sources, which 
have the unique properties including high mechanical strength, 
high crystallinity, and water retention ability [1]. Moreover, 
bacterial cellulose has high purity and free of hemicelluloses, 
lignin and other non-cellulosic compound [2]. It is easy to be 
decomposed by microorganism in environment and renewable. 
Therefore, it has been used in many industrial processes such 
as food industry, paper industry, textiles industry, electrical 
application and membrane [3].  Additionally, it was utilized in 
the production of artificial leather [4] and plastic composite 
supports (pcs) [1].   
Bacterial cellulose is polysaccharide produced by 
Acetobacter xylinum. It grows in the air-liquid surface of 
culture medium not only in a static culture, but also in shaking 
flask and stirring bioreactor [5]. Bacterial cellulose can grow 
at many culture mediums. Coconut water is one of culture 
medium usually used to produce bacterial cellulose by 
Acetobacter xylinum. It is known as 
	  coco with a 
smooth surface and chewy texture [6]. Fermentation process 
using coconut water medium is implicated to produce bacterial 
cellulose by Acetobacter xylinum around 7-8 days in a static 
batch [7].  
Studies showed that bacterial cellulose is a biopolymer 
which chemical structure similar to the cellulose from plants. 
It has many advantages such as high purity, high crystallinity, 
high elastic modulus and biodegradable [1]. In addition, the 
unique property has been found in the bacterial cellulose. It 
also has a high hydrophilic so that it can be holding water over 
hundreds of times of its weight. This property indicates the 
ability of a food structure to prevent water being released from 
3-dimensional structure [8].  Bacterial cellulose modification 
has been applied by many researches and being more useful in 
life. It has been expected that the bacterial cellulose 
modification can be one of edible film.  
Edible film is used as coating for packing material. It is 
usually made of conventional synthetic material, which is not 
environmentally friendly and non-biodegradable. Edible film 
is a biopolymer made by a controlled vegetable or bacterial 
biosynthesis including polysaccharides, protein, lipids and 
polyesters [9]. Therefore bacterial cellulose can be used as 
edible film material. It contains biodegradable cellulose so that 
can be a solution of the environmental problems. 
The main objective of this study was to evaluate the 
effect of culture medium in producing bacterial cellulose as 
edible film. The culture medium was used from coconut water 
and Arenga pinnata juice. Arenga pinnata is a juice well 
known as   comes from a tropical like-sugar-palm 
tree. Moreover, this research has investigated the influence of 
the different culture medium in delivering bacterial cellulose 
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as edible film. The characteristics of edible film such as 
biodegradation, water absorption, strength of break and 
elongation have been analyzed. 
 
 
II. METHODOLOGY 
 
A. Materials 
Acetobacter xylinum starter  which used in this study to 
convert the culture medium become bacterial cellulose. 
Acetobacter xylinum was obtained from Biotechnology 
Laboratory of state Polytechnic Lhokseumawe, Aceh, 
Indonesia.  Bacterial cellulose as edible film material was 
produced in the culture medium. It was equipped from the 
mixture of coconut water and arenga pinnata juice (it is 
known ).  
Some chemicals as nutrients for the bacteria including 
sugar, acetic glacial, ammonium sulfate, sodium hydroxide, 
glycerol were added into the mixture. Sodium hydroxide was 
added up to remove the bacterial cells and impurities in 
medium components [10]. Glycerol was used as plasticizer 
and EM4 (effective microorganism) was served to analyze 
biodegradable bacterial cellulose production. 
 
 
B. Methods 
There were some procedures to modify edible film i,e. 
 
a. Bacterial Cellulose production 
Nutrients were added into the culture medium for the 
growth of bacterial cellulose. Culture media of bacterial 
cellulose productions were prepared in 5 different 
compositions: 100% of arenga pinnata juice, 100% of coconut 
water, 75% of arenga pinnata juice and 25% coconut water, 
25% of arenga pinnata juice and 75% coconut water and 50% 
of arenga pinnata juice and 50% coconut water. Three 
hundreds mL of the culture medium were poured into 1 L 
beaker glass and added 8 g of sugar, 2 g of ammonium sulfate, 
0.5 mL of acetic acid glacial and 2 g of glycerol while stirring. 
The culture medium was boiled and then cooled at room 
temperature. Starter of Acetobacter xylinum was gently 
discharged into the culture medium and fermented for 6-7 
days in static batch plastic trays to produce bacterial celluloses 
[7].  
 
b.  Edible F ilm Production from Bacterial Cellulose 
The harvested Bacterial cellulose was soaked overnight 
with 1% NaOH and then washed again with water until the pH 
roughly 7. It was pressed by a hydraulic press to remove the 
water. The product of pressed bacterial cellulose was dried in 
an oven at 80 oC for 4 hours to form sheets. At last, the 
bacterial cellulose sheets, which were now called edible film, 
analyzed for their characteristics as mention above. 
 
c. Determination of Bacterial Cellulose Production 
After 6-7 days of fermentation, the bacterial cellulose 
was harvested and washed three times with water. 
Furthermore, the bacterial cellulose was purified using 1% 
NaOH at 90 oC for 15 min and then rinsed by using water for 
three times. Finally, it was dried at 90° C overnight and 
weighed.  
 
d. Determination of Biodegradable from edible film 
Firstly, the decomposition soil media was prepared. As 
much as 25 mL EM4 was mixed with 1 L water, flushed into 
the soil media, and stayed for 1 day. Edible film was cut into 3 
x 3 cm according to the standard method. The samples were 
planted into the soil at 20 cm from the soil surface. They were 
immersed in the soil for 9 days. During this time, it was 
removed from the soil at 3-day intervals, cleaned with tissue 
paper and quickly weighted until constant value achieved. The 
result of biodegradable was indicated as weight loss. The 
weight loss was marked as Wl. Wt is the weight before 
biodegrade and Wo is the weight after biodegrade. The 
percentage of weight loss from edible film was calculated with 
the error of 0.01% according to the Equation: 
 
     Wo  - Wt 
 %Wl =       X 100%  (1) 
        Wo 
 
 
e. Determination of Water Absorption 
For water absorption measurements, edible film was cut 
into 4 x 4 cm. The samples were immersed in the distilled 
water and maintained at room temperature for 9 days. They 
were removed from the water after 3-day intervals and gently 
wiped with tissue paper. Furthermore, they were immediately 
weighed. Then they were returned into water. The step was 
repeated for 3-day intervals. The percentage of after 
absorption was calculated according to Equation [11]: 
 
  Ww  - Wc 
 %Wf =       X 100%  (2) 
        Wc 
                                                    
f.  Tensile Testing 
 The specimen samples were deformed under controlled 
room condition at temperature of 23±2 oC and humidity of 
52%. The specimen was cut under ASTM D-638 standards 
[12]. They were mounted into Universal Tensile Machine. The 
strength of break and elongation properties was calculated 
according to the Equation: 
a. Strenght of break:                                                                      
         F 
    (3) 
          A 
b. Elongation: 
                   (4) 
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III. RESULTS AND DISCUSSION 
 
Biodegradable measurements of edible film sheet 
Biodegradation is a process of decomposition caused by 
the activity of microorganisms contained in the soil. The 
determination of biodegradable of edible film was used EM4 
bacteria (effective microorganism). EM4 is the mixture culture 
of Lactobacillus, Actinomyces, Streptomyces, fungi, yeast and 
fotosintectic bacteria. They work together to decompose of 
organic materials. The method was used in the biodegradation 
test by calculate the percentage of weight loss of edible film. 
The effect of culture medium in edible film production 
compared to the each biodegradable test for 3, 6, and 9 days. 
The biodegradation tests were employed to examine the 
degradation of edible film by microorganism. It was done by 
the calculation of weight loss of the edible film, which was 
decomposed in the soil medium for a certain interval of time.  
 
 
 
F igure 1. The percentage of the weight loss versus biodegradation time of 
edible film sheets (the ratio of  the culture medium consists of arenga 
pinnata juice and coconut water to produce edible film including   = 
100%:0% ,      = 0%:100% ,      = 75%:25% ,    X = 25%:75% ,  X = 
50%:50% 
 
Figure 1 shows that the edible film was decomposed by 
microorganisms in the soil which indicated as the lost of 
weight of the edible film. Recently, the weight loss of edible 
film increased with time. After 3 days incubation period in the 
soil, the weights of the edible film samples were decreased. 
Accordingly, after 9 days, the weights were more reduced. The 
biodegradation was confirmed by increasing weight loss of 
edible film with incubation time in soil (Figure 1). The 
percentage of the weight loss increased at 9th days. The using 
of the culture medium of 25% arenga pinnata juice and 75% 
of coconut water was resulted in the highest weight loss than 
the other samples. The analyses indicated that the 
biodegradation of edible film by EM4 bacteria increases with 
time. It was caused by the influence of glucose contained in 
both of these media. The bacteria cellulose production from 
this medium had a high crystallinity. The addition of glycerol 
also gave the high crystallinity as well as plasticizer or carbon 
source [13].  Hence, EM4 consists of effective 
microorganisms, which decompose edible film in soil. So the 
soil was consisted of effective microorganism able to reduce 
edible film and loss the weight of edible film. The degradation 
process of organic material with using EM4 takes places with 
fermentation process both in aerobe or anaerobe conditions. 
Edible film is biopolymer from bacterial cellulose contains 
cellulose.       This cellulose is a nature biopolymer [14}. 
Therefore, microorganisms from EM4 decomposed edible film 
as containing biopolymer. The Biopolymer chains of edible 
film were break to be monomer by enzymes from EM4 
bacteria. The process produced organic compound such as 
amino acid, lattice acid, glucose, alcohol, protein, vitamin and 
some other compounds [15]. Therefore, edible film was 
claimed to be environmentally friendly.  
 
Water Absorption 
The analysis of the water resistance of edible film aimed 
to determine the percent of weight loss of edible film sheet 
from different culture medium after soaked into distillated 
water for 3, 6, 9 intervals time. The composition of different 
culture medium was manufactured to be bacterial cellulose as 
edible film material. The water absorption of edible film from 
the different culture medium with different composition was 
found to be significantly different as shown in Figure 2. The 
edible film from 75% arenga pinnata juice and 25% of 
coconut water at 9 days in distillated water showed the highest 
water resistance. The water resistance proposes to determine 
the bonds of the polymer, which was determined by the 
percentage of the polymer weight after swelling. The results 
also showed that the percent of water gained over 9 days test 
period was greater in the sample from 75% arenga pinnata 
juice and 25% of coconut water content.  
It was concluded that the different culture medium of 
bacterial cellulose for edible film material not only affected 
the characteristic of edible film but also affected the physical 
properties of edible film made of each different culture media. 
It showed the ability of edible film to absorb water or to study 
the resistance of edible film in water. It was observed that the 
edible film with the highest composition of arenga pinnata  
(75 %) produces the bacterial cellulose with highly resistance 
in water (9 days). It was due to the polymer chain arrangement 
properties with the hydrophilic character and hydrophobic 
character in the culture medium. It  has been reported that 
using glycerol solution influenced the hardening and softening 
effect of bacterial cellulose [2]. 
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F igure 2. The percentage of the weight loss versus The time of res istance 
in water (day) of edible film sheets (the ratio of  the culture medium 
consists of arenga pinnata juice and coconut water to produce edible film 
including     = 100%:0% ,      = 0%:100% ,      = 75%:25% ,   X = 
25%:75% ,   X = 50%:50% 
 
 
Strength measurement of edible film 
Bacterial cellulose has several unique properties, due to 
as fine structure, high tensile strength and water content. 
Consequently, bacterial cellulose has been used in food 
application, paper manufacturing to enhance paper strength, 
membrane material, etc. Additionally, bacterial cellulose has 
been applied as edible film. In this study, a different culture 
medium ratio to produce bacterial cellulose was investigated 
with the addition of glycerol. Glycerol was used not only to 
propose the elastic structure of edible film but also to be the 
carbon source for bacterial cellulose growth. 
 
TABLE 1.     THE RESULTS OF STRENGHT OF EDIBLE FILM     
FROM DIFFERENT CULTURE MEDIUM 
 
Spesimen The ratio of 
culture medium 
Arenga 
pinnata :coconut 
water 
G liserol 
(g) 
E logation 
(%) 
Strenght at 
break 
(kgf/mm2) 
1 100% : 0% 2 6 0.32 
2 75% : 25% 2 10 1.00 
3 50% : 50% 2 0 2.27 
4 25% : 75% 2 8 1.31 
5 0% : 100% 2 2 0.95 
 
Table 1 demonstrated the mechanical properties of 
edible film including the elastic modulus and tensile strength 
of edible film. It showed no significant increasing in both 
stress of break and elongation. Edible film from 50% of 
arenga pinnata and 50% of coconut water composition was 
founded the highest of the stress of break 2.27 kgf/mm2, while 
the elongation of this edible film was not measured. The 
edible film sample was directly broken during measurement. 
The highest elongation was observed on edible film produced 
from 75% of arenga pinnata and 25% of coconut water 
composition medium. It was approximately 10%. In 
conclusion, the strength of break and elongation did not have a 
significant different result for edible film with different culture 
media. It was due to the influence of glycerol added into the 
culture media. The addition of glycerol in this study intend to 
make edible film more elastic. Glycerol also has hydrophilic 
alcohol hydroxyl group [2].  The glycerol is the best substrate 
to make membrane cellulose, paper and plastic [1, 5, 11, 16].  
 
 
IV. CONCLUSION 
 
 Arenga pinnata juice and coconut water as medium can 
be used to produce bacterial cellulose by using Acetobacter 
xylinum as edible film through fermentation method. 
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